Macrophages are professional phagocytes that are essential for host defense and 27 tissue homeostasis. Proper membrane trafficking and degradative functions of the 28 endolysosomal system is known to be critical for the function of these cells. We have 29 found that PIKfyve, the kinase that synthesizes the endosomal phosphoinositide 30 
To investigate the effect of PIKfyve deficiency in macrophages, we first examined the 142 morphology of macrophages isolated from the bone marrow or spleens of PIKfyve fl/fl 143 LysM-Cre Rosa26YFP mice. We confirmed that macrophages isolated using F4/80 144 antibody were YFP+ indicating LysM-Cre expression in F4/80+ macrophages ( Fig 3A) . 145
As expected, PIKfyve-null macrophages displayed cytoplasmic vacuolation (Fig 3A) , 146 which was similar to the vacuolation that has been previously reported in other PIKfyve-147 null cells (19, 20, 22) . The enlarged cytoplasmic vacuoles in PIKfyve-null macrophages 148 expressed LAMP1, which is a marker of late endosomes or lysosomes ( Fig 3B) . 149
Together, these data confirm that PIKfyve is necessary to maintain the endolysosomal 150
morphology. 151 152
We next investigated whether PIKfyve was essential for the degradative function of 153 macrophage lysosomes. Lysosomal proteolytic degradation was determined using self-154 quenched DQ-BSA, which is a protease substrate that is taken up by endocytosis and 155 emits fluorescence upon proteolytic degradation within acidic compartments such as 156 late endosomes and lysosomes. Proteolysis of DQ-BSA was detected by two 157 independent techniques. First, we analyzed the proteolytic degradation of DQ-BSA in 158 the lysates of macrophages via spectrophotometry. PIKfyve-null macrophages had 159 significantly impaired ability to proteolytically degrade DQ-BSA (Fig. 3C ). For the 160 second method to determine the effect of PIKfyve on lysosomal proteolytic degradation 161 in live cells, we analyzed the cellular localization of DQ-BSA degradation. As 162 anticipated, WT macrophages displayed a robust ability to catabolize DQ-BSA within8 LAMP1 demarcated compartments (Fig. 3D) . In contrast, PIKfyve-null macrophages 164
showed undetectable proteolytic degradation of DQ-BSA within their enlarged LAMP1-165 positive late endosomes and lysosomes. Together, these results demonstrate the 166 critical role of PIKfyve in the ability of macrophages to degrade proteins within their 167
lysosomes. 168 169
As a low pH is necessary for normal proteolytic function of lysosomal enzymes, we 170 further analyzed whether the absence of lysosomal proteolysis within PIKfyve-null 171 macrophages was due to a necessary role for PIKfyve in lysosomal acidification. This 172 process was analyzed using Lyso Tracker, a fluorescent dye that accumulates in acidic 173 compartments such as lysosomes. We found that Lyso Tracker accumulated in the 174 enlarged cytoplasmic vacuoles in the macrophages of PIKfyve fl/fl LysM-Cre mice ( Compared to WT macrophages, PIKfyve-null macrophages showed increased levels ofwhich is often referred to as the "master regulator" of the lysosomal gene network (29) . 189
Based on this premise, we hypothesized that the elevated lysosomal proteins in 190
PIKfyve-null macrophages is secondary to activation of TFEB promoting transcriptional 191 upregulation of lysosomal genes. In contrast to our prediction, the quantity of expressed 192 mRNA for LAMP1, cathepsin D or LC3 was not significantly higher in the PIKfyve-null 193 macrophages compared to the WT macrophages by qRT-PCR analysis (Fig. 4B) . Our study demonstrates that PIKfyve is necessary for the regulation of expression 285 levels of lysosomal proteins. We initially hypothesized that this would be driven by 286 activation of TFEB and consequently increased transcriptional expression of lysosomal 287 genes. In contrast to this hypothesis, we observed that PIKfyve deficiency is instead 288 associated with a decreased activation of mTORC1 as well as decreased expression 289 and activation of TFEB. In spite of increased amounts of lysosomal proteins within 290
PIKfyve-null macrophages, the expression of lysosomal genes was not elevated in 291
PIKfyve-null macrophages. Together, these findings suggest that PIKfyve does not 292 directly modulate lysosomal gene expression, but instead is important for the turnover of 293 lysosomal proteins. However, the exact mechanism of PIKfyve modulating lysosomal 294 protein turnover still remains to be elucidated. 295
296
In conclusion, our study shows that PIKfyve is essential to maintain lysosomal 
Gt(ROSA)26Sor tm3(CAG-EYFP)Hze /J -stock #007903, Jackson laboratory). For all 311
studies, both female and male mice were used. All mice were maintained on standard 312 chow and tap water in pathogen-free conditions. All animal procedures were approved 313 by and performed in accordance with the Institutional Animal Care and Use Committee 314 at the University of Pennsylvania. 315
316

PCR Genotyping 317
Genomic DNA was isolated from mouse tail biopsies for PCR genotyping. Genotyping 318 for PIKfyve fl was performed as previously described(22). Briefly, LoxP integration in the 319
Intron 36 was identified with 5′-CCATTGCCTGGCTTAGAACAGAG -3′ and 5′-320 Reducing Agent (Invitrogen), and heating at 95°C for 10 minutes. The sample was spun 445 down at 500g x five minutes, and the supernatant was run onto 4%-12% Novex 446
NuPAGE gel (Invitrogen). The gel was Coomassie blue stained and the corresponding 447 lanes to TFEB bands were excised for digestion and mass-spectrometry analysis. 448 449
In-gel digestion 450
Each sample was excised from the gel and cut into 1 mm 3 cubes (38). They were 451 destained with 50% methanol/1.25% acetic acid, reduced with 5 mM dithiothreitol 452 (Thermo Fisher Scientific), and alkylated with 40 mM iodoacetamide (Sigma-Aldrich). 453
Gel pieces were then washed with 20 mM ammonium bicarbonate (Sigma-Aldrich) and 454 dehydrated with acetonitrile (Thermo Fisher Scientific). Trypsin (Promega; 5 ng/mL in 455 20 mM ammonium bicarbonate) was added to the gel pieces and proteolysis was 456 allowed to proceed overnight at 37 ºC. Peptides were extracted with 0.3% triflouroacetic 457 acid (J.T.Baker), followed by 50% acetonitrile. Extracts were combined and the volume 458 was reduced by vacuum centrifugation. 459 repetitively scan m/z from 300 to 1400 (R=240,000) followed by data-dependent MS/MS 469 scans on the twenty most abundant ions, minimum AGC 1e4, dynamic exclusion with a 470 repeat count of 1, repeat duration of 30s, (R=15000) FTMS full scan AGC target value 471 was 3e6, while MSn AGC was 1e5, respectively. MSn injection time was 160 ms; 472 microscans were set at one. Rejection of unassigned and 1+, 6-8 charge states was set. assembly, GCA_000001635.6). Precursor ion tolerance was 4.5 ppm with semi-tryptic 481 specificity and MS2 fragment ion tolerance was set to 20 ppm. Oxidation of methionine, 482 acetylation of the protein N-terminus and conversion of glutamine to pyroglutamic acidwere used as variable modifications and carbamidomethylation of cysteine was set as a 484 fixed modification. The minimal length required for a peptide was seven amino acids. 485
Target-decoy approach was used to control false discovery rate (FDR). A maximum 486
FDR of 1% at both the peptide and the protein level was allowed. The MaxQuant match-487 between-runs (0.7 min.) feature was enabled. 488
489
Statistical Analysis 490
Statistical analysis was performed using GraphPad Prism. Data were expressed as 491 mean+/-s.e.m. Two-tailed Student's t-test was used for comparisons of two groups. A 492 P-value of less than 0.05 was considered statistically significant. 
